The aim of this study is to assess the effectiveness of water trading policy as a solution for optimal use of water between farmers in Voshmgir dam, Iran. For assessment, four villages were selected and two water allocation programs under non-trading and trading systems were designed by two-stage stochastic programming technique and uncertainties expressed as intervals and probability distributions. The results obtained from the two programs were compared based on water volume which is released through trading and decrease in water deficiency as effectiveness indices. The results show that the water allocation under trading policy has changed so that it has led to released water and decrease in water deficiency by keeping the agricultural profit under non-trading, but irrigated area is decreased under trading. Generally, trading policy can lead to more effective allocation from the view of released water and decrease in water deficiency, but it can remove some farmers from agricultural activities by decreasing the irrigated area. As a result, trading policy can be effective in the short term especially in drought conditions due to insufficient water supply and can be unnecessary in normal and wet years in this case study.
Introduction
Water trading policy in agriculture is known as a new market-based strategy for water resources management especially in drought conditions (Dosi & Easter, 2000) . This strategy includes a set of goals, which lead to the increase of productivity, improvement of conservation, and more sustainable application of water resources. Considering the fact that agriculture is the major user of water, any increase in water productivity could significantly prevent the waste of this important input (Droitsch & Robinson, 2009 ). The concept of water trading is necessary because of its impact on the management of water scarcity and food security protection (Dabrowski et al., 2009) . The water permit trading improves the value of water through transferring water to other more efficient usages, increasing the efficiency of water consumption, and providing the possibility of more suitable water distribution between farmers. Also, the cost opportunity of water is increased by water trading. By this way, the farmers who do not play a direct role in water trading will have sufficient motivation for more efficient water use (Zekri & Easter, 2005) . In recent decades, various plans of water trading have been developed due to their efficiency in dealing with water scarcity in the world, especially in arid and semi-arid regions (Dragun & Gleeson, 1989) . The experiences of some countries show that a suitable context for water trading is one of the most efficient and most flexible ways to overcome water scarcity challenges (Droitsch & Robinson, 2009 ). Li et al. (2014) studied the water allocation under trading condition in Zhang river basin in China. They showed that in different levels of river flows, the allocation under trading condition can create water surplus that can be allocated to other more valuable consumptions. The released water can lead to higher value consumptions (Rosegrant & Binswanger, 1994) . Luo et al. (2007) studied the efficiency of a trading program through the estimation of released water under trading and showed more efficiency of this program in the dry season. Some other studies worked on economic efficiency of trading: Gohar & Ward (2010) examined the potential of irrigation water trading and demonstrated that water trading between Egyptian farmers could increase their annual incomes. Bekchanov et al. (2015) studied the potential gains from water trading in the Aral Sea basin and showed that gains from trade are greater under drier conditions. Pujol et al. (2006) stated that the water trading can lead to change in cropping patterns and improve agricultural income by adjusting water consumption and demand.
According to the study of Kiem (2013) , water trading can be a means of risk managing and cash flow, and it gives greater flexibility to the farmers with higher financial capacity in making decisions about their priorities for water use. Furthermore, Kiem (2013) and Luo et al. (2010) stated that trading policy has the potential to act as a climate change adaptation strategy. However, there are some negative social and economic effects for rural communities with strong fear associated with people who are selling their water entitlements and exiting the community. In fact, many people are opposed to water trading for this reason alone because they fear that it will exaggerate the already decreasing population of small rural communities (Rickards, 2012; Kiem & Austin, 2013) . Giannoccaro et al. (2015) analysed farmers' willingness to pay for water and their willingness to accept water selling under trading conditions in southern Spain. They indicated that farmers' ethical perspective about irrigation water as a non-tradable commodity constrain them from participating in such markets. Therefore, water trading has the potential for changing rural communities, and changing demographics (e.g., ageing and declining population). Significant uncertainty also exists around the impacts of water trading on the environment (e.g., changing hydrological regimes and underestimation of sustainable environmental flows) (Kiem, 2013) . Understanding the economic/environmental interactions arising from the introduction of trade in water entitlements and consideration of environmental flow regimes is critical for development of water policy in Australia and other countries who are developing water allocation and trading rules (Rosegrant & Binswanger, 1994; Shatanawi & Al Jayousi, 1995; Bauer, 1997) . Also, Tisdell (2001) stated that water markets are likely to limit the effectiveness of water policies aimed at restoring natural flow regimes. Trade-offs between environmental needs and income from extractive use will need to be determined.
Other research focused on the kind of water resources besides the allocation: Palazzo & Brozovic (2014) examined the water trading in 11,000 agricultural wells in Australia and concluded that it can lead to more optimum consumption of groundwater; Wang (2011) proved that efficient water allocation can be achieved through downstream bilateral trading mechanism along a river; Bekchanov et al. (2015) reported the same results in the Aral Sea basin, and Luo et al. (2007) stated similar findings in Duncarin reservoir, Canada. Regarding the water resource, it should be noted that the volume of available water is highly dependent on the amount of precipitation (rain or snow). As a farmer's water permit is directly related to the source of water supply, he is mostly anxious about the uncertainty of available water. If the amount of water permits are not provided in future, the farmer has to buy water more expensively or reduce his activity, which can totally lead to loss in the system. Also, most decisions regarding cropping schedule and certain field operations are taken when the farmer is not sure about the amount of available water for irrigation (Calatrava & Garrido, 2005) . In the presence of uncertainty in water availability, farmers' benefits will reduce as they must take ex-ante decisions. Also, exchanging water in annual spot markets allows for the reduction of farmers' economic vulnerability caused by the variability and uncertainty of water supply within an irrigation season (Calatrava & Garrido, 2002) . Other studies have shown the necessity of coping uncertainties in water trading and water management (Wets, 1966; Becker et al., 1996; Jenkins & Lund, 2000; Luo et al., 2007; Zuo et al., 2015; Li et al., 2016) . Thus, in the presence of uncertainty, administrators should create a plan to protect the system profit besides efficient allocation of water. As a result, considering the uncertainty of water supply is unavoidable for water resources management and proper operation of water trading. Considering the aforesaid issues, the purpose of this study is to evaluate the effectiveness of trading policy between farmers under uncertain conditions in a case study as one of the suggested solutions for decreasing the current crisis of water resources in Iran.
Current crisis of water and water policy in Iran
Iran is the 18th largest country of the world with an area of 1,648,195 km 2 . In the south is the Oman Sea and Persian Gulf and to the west are neighbours Iraq and Turkey. The elevation in Iran varies from below sea level to 5,000 m above sea level. The temperature in Iran varies from À30 to 50°C. The amount of precipitation ranges from about 25 mm in the central plateau to more than 2,000 mm in the Caspian coastal area. The average of precipitation in the country has been estimated around 250 mm (Moameni, 2000) . About 90% of Iran's land area falls within the Iranian Plateau. Onefourth of the country comprises deserts and almost one-fourth of it is arable land. The rate of evaporation in Iran varies from about 700 mm on the Caspian Sea coast to over 4,000 mm in the central plateau and in the southern part of Iran. While the average rate of rainfall in the country is 250 mm, the annual rate of evaporation in the dry part is 16 times bigger with 4,000 mm (Moameni, 2000) . The current water crisis in Iran has three major drivers (Madani, 2014) . First: rapid population growth and inappropriate spatial population distribution. The dramatic population increase in Iran has reduced per capita renewable freshwater availability. Nevertheless, Iranians continue to use more than 250 L of water per day per person and their daily consumption can exceed 400 L per person in some urban areas like Tehran. This means that Iran's water usage is twice the world's standard despite its limited water availability. Second: inefficient agriculture. Iran has always suffered from a seriously inefficient agriculture (Katouzian, 1978; Nattagh, 1988 ) that heavily relies on irrigation (Lambton, 1938; Fitt, 1953; Seyf, 2006) and consumes most of the country's limited water resources. While only 15% of the country's area is cultivated, this sector is responsible for 92% of the water consumption in Iran (compared to the 7% domestic water use and 1% industrial water use). The excess groundwater withdrawal is hard to estimate, but the dramatic drop of groundwater per year in some parts of the country reflects the extent of the consumption of the non-renewable portion of groundwater. As a result, 277 of the 609 plains in the country are in a critical condition and the declining groundwater table (Forootan et al., 2013; Joodaki et al., 2014) has caused significant land subsidence in many plains throughout the country (Mousavi et al., 2001; Motagh et al., 2007; Dehghani et al., 2009 Dehghani et al., , 2013 . What is known is that the continuation of current water use trends in the agricultural sector will exacerbate the water crisis. Iran seriously needs its agriculture to be modernized/industrialized and become economically efficient (Madani, 2014) . Third: mismanagement and thirst for development. More than anything, the water crisis in Iran is a result of bad management for decades (Madani, 2014) . Consequently, the sum of these problems have caused the growing water resources scarcity in considerable parts of Iran and following that, intensification of water competition among various sectors of consumption. In addition, the importance of considering environmental and ecological protection in planning of water right policies in rivers, wetlands and lakes is being increased daily by environment defenders. Thus, finding a supply method for new demands is a key question for policy-makers and water resource planners. In order to solve the aforesaid challenges, three major solutions have been proposed in Iran: (i) institutional and regulative adjustments of water resource management; (ii) strengthening of management, attracting social participations and private sector; and (iii) stabilization of tradable water rights and formation and strengthening of the water markets. So far, water resource management in Iran has had some plans in the field of the first two solutions but due to the lack of proper legal space, the third solution is not used applicably ( Jafari, 2005) . Thus, inefficiency of water allocation under existing mechanisms has caused policy-makers and water resources planners to apply other mechanisms, such as market solutions in Iran ( Jofreh & Alizadeh, 2011) . Figure 1 is a map of Iran showing the geographical location of the country.
Case study
Voshmgir dam is located at 54°16 0 E longitude and 36°58 0 N latitude in the north of Iran in Golestan province on Gorganroud basin. Based on the initial dam design, the water supply capacity was set up for 60% cereal and 40% cotton, i.e., of 21,000 ha, 12,600 ha of land under cereal cultivation and 8,400 ha under cotton cultivation Due to the nonconformity of the current crop pattern with the optimal pattern (i.e., 60% cereal and 40% cotton), the maximum irrigation capacity of the dam has decreased from 21,000 to 12,400 ha which has caused problems in water distribution systems in the region.
Due to this, products were not being completely irrigated, which caused conflict among farmers and a decrease in production and farmers' incomes. Furthermore, the conversion of approximately 50 ha parts into about 5 ha ones has changed the commercial agriculture to a subsistence one, and the use of nonadvanced irrigation methods with a low efficiency of about 42.4% on average, and other social and economic issues have increased the exploitation problems of the Voshmgir dam. Overall, the above problems cause suffering to the region's resident population. The major cultivation in the region is of wheat, barley and cotton. In recent years, each farmer has a cultivation notebook and a water divisor distributes water permits for each farmland on the basis of crop type and water requirement. In this study, 32 farmlands in Abbas-Abad, 26 farmlands in Ghasem-Abad, 30 farmlands in Shaikh-Abad and 40 farmlands in Yolme-Salian villages to the left bank of the Voshmgir dam were selected. The reason for this selection was the significant conflict among rural farmers, particularly in drought years. The irrigation requirement of all selected farmlands is supplied by the Voshmgir dam. The methodology of the study and its results can be generalized for other villages with similar conditions. Figure 2 shows the location of the selected villages of the study.
Materials and methods
In this study, for effectiveness, two programs of water allocation under non-trading and trading systems were modelled based on an interval-parameter two-stage stochastic program. The two-stage stochastic programming (TSP) model is an advanced technique in the management of water resources (Zhao, 2001) . The first mechanism is water resource allocation under the non-trading system and the second mechanism is allocation under trading system; then the results of the two systems are compared based on released water and reduction in the amount of water deficiency (Luo et al., 2007) . The mathematical programming model consists of two stages. In the first stage, the model is solved and then in the second stage, the model according to the obtained values from the first stage is solved. The model waits until the first stage decisions are taken then according to the obtained results from the first stage, the second stage is investigated (Birge & Louveaux, 1988; Huang & Loucks, 2000) . The water allocation program for the non-trading mechanism should be incorporated in model (1) when uncertainties in the water-use system are also expressed in intervals:
where J is the profit of the entire system in the non-trading scheme, B i is profit of user i per unit water delivered, C i is the penalty in the profit of user i per unit of not delivered water (C i ! B i ), Xi is the annual target water-use for user i, W i is the annual water permit of user i, X imax is the maximum annual water requirement to user i, Q j is the annual water availability of the entire system under probability P j and j referring to the dry, normal and wet year ( j ¼ 1, 2, 3, respectively), Y ij is the annual water deficiency which it is not met when total water availability is Q j . The first constraint states that the target water-use of each farmer is limited by the farmer's water permit and the second constraint implies that water consumption of each farmer is less or equal to the maximum water requirement. The two final constraints reflect the optimal allocation of target variables according to the amount of water accessibility. Under water tradability conditions, farmers are no longer limited by their own water permits. It is assumed that all farmers will participate in the trading and the trading system is an ideal market, defined by Coase (1960) . Thus, the water allocation under trading can be specified by model (2):
The aim of the trading program is to minimize Z or total annual water use of the system. There are two constraints which illustrate the difference between trading and non-trading programs: the first constraint states the profit of the system (J opt ) under trading should not be less than non-trading, and the second constraint states that water use of the entire system will not be limited by each farmer's permit but it is limited by the sum of the total permits. The second constraint provides the right of using other permits for farmers (not only theirs) and it shows the trading concept clearly. If {J opt , X iopt , Y ijopt } be the result of model (1) through non-trading and {Z opt , X iopt , Y ijopt } be under trading, if the volume of total water use in non-trading equals to c opt ¼
P j Y ij Á and the total volume of water use in trading equals Zopt, the effectiveness of trading can be presented by DZopt ¼ copt À Zopt f g . This index is called released water through trading (Luo et al., 2007) . Figure 3 includes a schematic diagram of trading and non-trading programs.
Data
In the case study, all the selected farmlands are irrigated by Voshmgir dam, which has an average annual flow of 357 million cubic metres. Rainfall and discharge data from the years 1982 to 2015 in Ghazaghli station located at the Voshmgir dam were collected from Golestan Regional Water Authority. Also, the trend of time series of annual runoff to the dam is illustrated in Figure 4 . The economic and crops yield data, minimum and maximum water requirement, and water permits were collected from the Agriculture Organization of Agh Ghala (for year 2015 as the base) and Water Distribution Corporation of Voshmgir Dam. The standardized precipitation index (SPI) (McKee et al., 1995) was calculated for the period 1982 to 2015 to obtain the possibility of the occurrence of dry, normal and wet years ( Table 1) . Data of delivered irrigation water to the selected villages were provided by Water Distribution Corporation of Voshmgir dam (Table 2) . 
Results and discussion
Tables 3-6 list the high and low bounds of solutions obtained from model (1) under the non-trading program in Abbas-Abad, Sheikh-Abad, Yolme-Salian and Ghasem-Abad villages, respectively. The tables present the amount of target water use (X i + ), water deficiency (Y i + ) for each farmer in dry, normal and wet years under defined probability, the actual water use (
). According to Table 3 , for instance, the target water use for the second farmer (X 2 ) is 20 Â 10 3 m 3 . By considering the defined probability of dry (0.23), normal (0.62) and wet (0.15) years in this region, if this farmer faces a dry year, he will have the minimum and maximum of water deficiency equal to 6.67 and 9.69, which is stated as an interval value of [6.67, 9 .69] Â 10 3 m 3 , but in normal and wet years he will not experience any water deficiency due to enough supply of water in these years. Meanwhile, the minimum and maximum actual water use (A 2 + ) for this farmer in drought conditions will be [10.31, 13.33] Â 10 3 m 3 . As in normal and wet years, the farmer will not face any water deficiency, the actual water use in these years will be equal to the target water use of 20 Â 10 3 m 3 under non-trading. Overall, the total water use in Abbas-Abad village has a range of ψ ¼ [1,250, 1,298] Â 10 3 m 3 , and this value of ψ can irrigate an amount of land equal to the interval [221.5, 230] ha under the non-trading scheme. The interval of land was estimated with attention to total crops' water requirement and the amount of ψ that was calculated in upper and low bounds under non-trading in Abbas-Abad village. Also, the total water deficiency in all farmlands under drought conditions will be equal to Y ¼ [468.32, 681.19] Â 10 3 m 3 and the amount of objective function, i.e., the total annual profit of Abbas-Abad village is an interval of J ¼ [1,545.43, 2,224.31] Â 10 6 IRR 1 under the nontrading scheme. This analysis is also applicable for other villages under the non-trading scheme.
Likewise, Table 4 illustrates the results of non-trading in Sheikh-Abad village. To sum up, total water use in Shaikh-Abad village has an interval value of ψ ¼ [1,066.13, 1,106.44] Â 10 3 m 3 which can irrigate land of [159, 165] ha and total water deficiency in all farmlands under drought conditions is i Crop Tables 7-10 present the obtained solutions from mathematical model (2) of a trading program between farmers. The results show that water allocation has been transferred under trading. For example, according to Table 4 , target water use (X 2 ) from the second farmer decreased from 20 Â 10 3 m 3 under the non-trading to 13.92 Â 10 3 m 3 when water is tradable. Also, if this farmer is faced with water shortage under a given probability, he will not experience any water deficiency in the trading program. Also, his actual water use has been changed from A 2 ¼ [10.31, 13.33] Â 10 3 m 3 in non-trading to 13.92 Â 10 3 m 3 in trading. While, for example, the water use of the 15th farmer in Table 7 ).
i Crop 173.5, 198] ha. Comparing the amount of Y in trading and non-trading in Abbas-Abad village illustrates that the system has compensated the value of ΔY ¼ [240.17, 304.17] Â 10 3 m 3 of water deficiency under trading. Also, the difference between ψ (total water use in non-trading) and Z (total water use of system in trading) in this village equals ΔZ ¼ [185.34, 265 .01] Â 10 3 m 3 , which shows the volume of released water in this village. Also, at the same time, the total profit of system (J ) remains the same under both schemes. Likewise, in Shaikh-Abad (Table 8) , Yolme-Salian (Table 9) and Ghasem-Abad (Table 10) villages, trading has led to a decrease in the water deficiency (i.e., ΔY) in low and high bounds equal to [228.45, 317.04 The results of non-trading and trading policies in all villages are summarized in Table 11 . These results were obtained from the sum of the water use, water deficiency, irrigated land (with attention to the allocated actual water to each farmland), and also profit under trading and non-trading conditions. According to the general results under non-trading scheme, the total water use and water deficiency in four villages are equal to low and high bounds of ψ total ¼ [5,086.44, 5,300 , and also a decrease in the area of irrigated land equal [116, 189] ha in all the villages under study, but by keeping the profit of the system this equals [6,438.52, 9,546 .51] Â 10 6 IRR under non-trading. Comparing the results illustrates two main points in the case study: (i) trading can be an effective policy in the Tables 7-10 ), this policy can also decrease the irrigated area and this has led to some farmers exiting from agricultural activities. This decrease in irrigated area can have positive and negative impacts. The positive aspect is that it can lead to less use of land by keeping the profit under non-trading. The negative side is that it can remove some farmers from agricultural activities and affect the agricultural employment and people Irrigated land under non-trading immigration rate from rural regions in the long term. As a result, the effectiveness of water trading policy in the case study relates to the preferences and priorities of policy-makers and people. Our suggestion is that trading can lead to the released water and a decrease in water deficiency, and this policy can be effective in the short term, particularly in the dry season due to inefficient water supply. It is unnecessary in the long term (i.e., in normal and wet years) in order to decrease the negative aspects of trading.
Conclusion
In this study, an interval-parameter TSP method was designed for planning water trading under uncertainty. The main focus of this paper was to assess the effectiveness of water trading policy as one of the solutions for the water shortage problem in Voshmgir dam in Iran. In this study, the effectiveness of trading policy was measured by two indices including released water and decreased water deficiency. The results indicate that trading can be effective by keeping the obtained profit under non-trading scheme. Meanwhile, some farmers are removed from agricultural activities under trading policy and this affects the employment rate in the region. Therefore, trading policy can be more effective in the short term especially in the dry season, while it would be unnecessary in normal and wet seasons in order to decrease its negative aspects. Results also show that the effectiveness of the trading is explicitly affected by uncertainties expressed as random values and intervals in water availability. Although the trading program of this study was mathematically modelled using different factors and variables, such as minimum and maximum irrigation requirements, profit and penalty coefficients, water permit and total water supply, the government and policy-makers should consider some other side issues which can influence trading results.
First of all, the average of water efficiency in the case study is about 42.4% and each improvement in irrigation technology can change the result of trading by changing water use and water requirement of farmlands. Second, because of the comparative advantage of cotton production, near textile factories, and better possibility of cotton selling, many farmers prefer to plant this crop in the region and they are adapted to cotton cultivation. However, with attention to recent droughts and the high water requirement of cotton, the government can encourage farmers to change the crop pattern to lower water requirement ones by subsiding strategic crops such as wheat and barley especially in dry seasons. This can lead to change in the released water under trading and better management of water shortage. Also, the size of farmlands in the region are too small, and many recorded conflicts between farmers during irrigation practices relate to these conditions. In addition, according to the returns to scale rule in the economy, water use and waste are greater in smaller farmlands. Thus, if the government plans to consolidate lands and transit from traditional agriculture to agribusiness it can lead to more efficient water use and markets in the long term.
Finally, the implementation of trading policy depends on farmers' willingness and the degree of risk as main players. Thus, informing farmers about positive and negative points of trading and accepting their point of view (as experienced and aware individuals concerning current problems) before implementing trading policy can influence reliability about the government's performance and the effectiveness of this policy. As a result, considering and taking note of the above problems can affect decision-making in implementation or non-implementation of water trading policy in the study region as one of the available approaches in water resources management. These results also
